Background {#Sec1}
==========

Physical activity is associated with benefits to young people's physical and psychological health \[[@CR1]--[@CR3]\]. The UK and US governments recommend that children and adolescents undertake 60 minutes of moderate-to-vigorous physical activity (MVPA) each day \[[@CR4], [@CR5]\], however, many adolescents do not meet this guideline \[[@CR6]\]. A consistent finding is that girls are less active than boys and that their physical activity declines at a faster rate than their male peers \[[@CR7], [@CR8]\]. Late childhood to mid adolescence is a key period of physical activity decline \[[@CR9]\]. As such, there is a specific need to develop strategies to prevent the decline in, or increase adolescent girls' physical activity.

Recent evidence syntheses have identified that previous interventions have had small positive effects on the physical activity of adolescent girls \[[@CR10], [@CR11]\], with one meta-analysis equating the average intervention effect to approximately 14% more physical activity in the intervention versus control group. Larger effects were shown for interventions targeting girls only, were multi-component, based in schools, utilised theory and targeted sedentary behaviour as well as physical activity \[[@CR10], [@CR11]\]. A recent trial in Australia of a whole-school, 24 month, multi-component intervention (Physical Activity 4 Everyone) resulted in a 7-minute (95% CI = 2.7, 11.4, p=0.002) increase in adolescents' accelerometer-assessed MVPA compared to controls \[[@CR12]\]. However, the intervention was less effective for girls (+4 minutes) than boys (+10 minutes).

Correlates of girls' physical activity include physical self-perceptions, self-efficacy, perceived competence and enjoyment \[[@CR13]\]. Yet, girls' relationship with physical activity is also described as complex, including being intertwined with gender roles, societal norms and self-presentation \[[@CR14]\]. Peer-influence, which increases as girls transition from childhood to adolescence \[[@CR15]\], plays a role in girls' physical activity \[[@CR16], [@CR17]\] and can comprise social support, presence of peers during physical activity, peer norms, friendship quality, changes to friendship groups, activity preferences of peers, affiliation to peer groups, and peer victimisation \[[@CR17]\]. Despite being a key part of the complexity of girls' physical activity, until recently peers have been relatively overlooked in many physical activity interventions \[[@CR18]\]. Tymms et al. \[[@CR19]\] reported results of a cluster randomised controlled trial of "MOVE" in England. MOVE was a cross-age peer-mentoring intervention in which Year 9 (age 13-14) students were trained to mentor same sex Year 7 students (age 11-12). The intervention comprised of six weekly 1:1 meetings (20-30 mins) aimed at identifying physical activity barriers and setting/reviewing goals using self-monitoring but there was no evidence that it affected (accelerometer-assessed) physical activity of the Year 7 students.

Despite the potentially important role of peers in adolescent girls' physical activity, there is a lack of robust trials (Excluding Tymms et al. \[[@CR19]\] and two ongoing studies \[[@CR20], [@CR21]\]) of peer-led physical activity interventions \[[@CR22]\]. Previous interventions are limited to cross-age approaches, where older pupils support younger pupils (i.e. they are "peers" but not necessarily influential friends) using formal methods (e.g., mentoring or leading classes). A potential limitation of cross-age interventions is that pairs of pupils are unlikely to be friends or peers which may hamper the development of a foundation of trust, mutual understanding, shared experiences and key peer-support strategies (e.g., an older mentor may not be comfortable co-participating in physical activity with a younger pupil out of school). In the ASSIST (A Stop Smoking in Schools Trial) intervention \[[@CR23]\] an alternative peer-led approach was used which involved students in a secondary school year group nominating influential peers who were trained as peer-supporters to informally diffuse messages and provide support to help their friends stop or not start smoking. In a cluster randomised controlled trial of 10,730 12-13 year olds from 59 schools in England and Wales the intervention reduced the odds of students being a smoker compared to controls (OR = 0.78, 95% CI = 0.64, 0.96) when data from three follow-ups was considered together.

Based on the success of ASSIST and the centrality of peers in young people's physical activity, we hypothesised that a peer-diffusion intervention (i.e., informal peer-peer verbal support, encouragement, co-participation, sharing knowledge and shifting norms) that targeted adolescent girls' physical activity could hold promise as a means of promoting physical activity. We therefore developed the PLAN-A intervention (Peer-Led physical Activity iNtervention) and in line with the UK Medical Research Council (MRC) framework on the development and evaluation of complex interventions \[[@CR24]\], tested it in a feasibility trial \[[@CR25], [@CR26]\]. Specifically we aimed to assess recruitment and retention rates, estimate data provision and quality, estimate the potential effect of the intervention on accelerometer-derived week-day physical activity (evidence of promise), identify and collect the data needed to cost the intervention and estimate the sample size required to conduct a definitive trial.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

The study was a two-arm cluster randomised controlled feasibility study in six secondary schools to compare the PLAN-A intervention against a usual-practice control with embedded process and health economics evaluations. The study protocol was published in 2016 \[[@CR25], [@CR26]\] and was registered with ISCTRN (ISRCTN12543546) prior to data collection. A completed CONSORT checklist is in Additional file [1](#MOESM1){ref-type="media"}.

Sampling and participants {#Sec4}
-------------------------

Schools were eligible and invited to participate via letter and email to the Head Teacher if they were; state-maintained mainstream secondary schools in Wiltshire and South Gloucestershire (South West England), had girls in Year 8 (aged 12-13 years), were above the median of the local Pupil Premium Indicator (i.e., more deprived) \[[@CR27]\], were not special educational needs schools and were not implementing ASSIST at the time. Since this was a feasibility study, a sample size calculation was not performed but we chose to recruit six schools as we expected this to provide sufficient variety of schools in which to test the feasibility of the research and the intervention. Of 46 secondary schools in the two areas, 30 were ineligible (26 were below median pupil premium) and the 16 remaining (eight in each area) were invited to participate and six were selected on a first-come-first served basis, in line with the stratification outlined below (Fig. [1](#Fig1){ref-type="fig"}). A face-to-face group recruitment pitch was made to Year 8 girls in each school and study information for students and parents was distributed. Ethical approval was obtained from the University of Bristol's School for Policy Studies Research and Ethics committee (Ref: SPSREC14-15.A27). Parents could opt their child out of the study. Parents of peer-supporters provided written informed consent and peer-supporters gave written informed assent. All adults involved in the research (e.g., peer-supporter trainers) gave written informed consent. Pupils received a retail voucher (£5 for baseline & £10 for each follow up) in recognition of the time given to each data collection. Participating schools (intervention & control) received £500 and a summary of the findings in recognition of the time devoted to the study. An independent Trial Steering Committee provided study monitoring and oversight.Fig. 1Trial profile for the PLAN-A study (based on CONSORT 2010 flow diagram). ^a^ Returned at T2, ^b^ Took part in T2, ^c^ Present at T2

Randomisation {#Sec5}
-------------

Following the completion of baseline data collection, all schools were randomly allocated (school being the unit of randomisation), at an intervention:control ratio of 2:1 stratified within Local Authority area (Wiltshire & South Gloucestershire). Four schools were allocated to the intervention arm and two schools to the control arm by a member of the Bristol Randomised Trials Collaboration who was blind to the school identity and independent of the study. The statisticians, and all team members except the Project Manager, Research Associate and Fieldworkers were blind to allocation.

Intervention description {#Sec6}
------------------------

The intervention was adapted from the ASSIST intervention through detailed formative research and its refinement and piloting is described in detail elsewhere \[[@CR28]\]. Briefly, it comprised: (a) peer-supporter nomination, (b) a train-the-trainers programme, (c) peer-supporter training followed by a ten-week informal physical activity message diffusion period. Control schools did not receive the intervention but pupils completed identical measurements to the intervention schools. A TIDieR checklist is presented in Additional file [2](#MOESM2){ref-type="media"}.

### Theoretical background {#Sec7}

Commensurate with ASSIST, the PLAN-A intervention was primarily grounded in Diffusion of Innovations theory (DOI) \[[@CR29]\] in which influential peers are identified as agents of change within a social system. In addition to DOI, the behaviour change principles and pedagogical approach within PLAN-A training were guided by self-determination theory (SDT) \[[@CR30], [@CR31]\] a framework which has been used previously to encourage the personal and social conditions needed to foster high quality (autonomous vs. controlled) motivation for physical activity amongst children and adolescents. Further explanation of SDT, and detailed examples of how it was incorporated into the train-the-trainers and peer-supporter training are reported elsewhere \[[@CR25]\]. Briefly, trainers were educated about core SDT principles such as developing girls' autonomous versus controlled motivation, and peer-supporter training tasks targeted developing participants' autonomy, competence and/or relatedness and in turn using these principles to support their friends' physical activity.

#### Train-the trainers programme {#FPar1}

Peer-supporter training was delivered by female trainers who had attended a three-day (≈ 15 hours) education programme delivered by the study team (MJE, KB, JM & SS). Trainers were recruited as freelance individuals (e.g., youth workers, performing artists) or through physical activity/sport promotion teams to have a range of experiences in working with young people and physical activity promotion. Training covered gender inequalities in physical activity, the PLAN-A concept (informal diffusion) and theory in addition to teaching trainers about the sessions, activities and resources and giving time to practice delivery. Peer-supporter training was delivered by trainers working in pairs and trainers had time to work in their pairs and establish their delivery plan. Trainers were given a manual containing all resources needed.

#### Peer nomination {#FPar2}

Prior to randomisation, Year 8 girls in all schools completed a four-item peer-nomination questionnaire to identify the influential girls in their school (i.e., *Who do you respect? Who are good leaders in sport or other group activities? Who do you trust? and Who do you look up to?*)*.* Girls could list up to five girls for each question. The 18% of girls with the most nominations were invited by letter to be a peer-supporter and attended a peer-supporter briefing where the role and training were explained and written information and consent forms were distributed. 18% were invited with the aim of recruiting 15% of the year group as peer-supporters in line with DOI.

#### Peer-supporter training {#FPar3}

Consenting peer-supporters attended an initial two-day course, followed by a one-day top-up course approximately five weeks later. Separate training was held for each intervention school and took place off the school site (e.g., at a local business campus or community centre). Peer-supporters were provided with return transport from school to the training by coach (unless it was possible / more convenient to walk) and were chaperoned by a member of school staff. Training for one school was held on the school site due to the school being unable to release staff to chaperone. The interactive training blended education about the importance of physical activity, inspiration and empowerment of the girls to be active and development of the interpersonal skills needed to be a peer-supporter (See Table [1](#Tab1){ref-type="table"} in \[[@CR25]\]). Peer-supporters were presented with many ideas of what types of support they could give (e.g., co-participation, encouraging and co-participating in incidental activity such as active travel to and from school, suggesting walking and talking at break/lunch instead of sitting, knowledge sharing, offering verbal support / being empathetic) as well as how to give support (e.g., how to be persuasive, language and style, and identifying who, where and when to support and not support). The top-up training revisited core learning objectives from the initial training, and focussed on sharing successes and collective problem solving. Peer-supporters each received a training booklet to support the training activities and a diary to record their peer-supporting if they wished (diaries were an intervention tool and data were not collected in). Following training, peer-supporters were asked to informally diffuse messages and norms about leading physically active lifestyles to their friends to encourage and support them to maintain or increase their physical activity.Table 1Participant and peer supporter recruitment rates by study schoolSchool IDTotal N Year 8 girlsN (%) Opted-outN (%) Did not participate (other reason)N (%) consenting Year 8 girlsN (%^b^) invited to be peer-supporterN (%^a^) consenting peer-supportersIntervention arm2580 (0.00)3 (5.17)55 (94.83)13 (22.41)13 (22.41)3963 (3.13)5 (5.21)88 (91.67)18 (18.75)17 (17.70) ^b^4660 (0.00)2 (3.03)64 (96.97)12 (18.18)11 (16.67)6690 (0.00)7 (10.15)62 (89.86)14 (20.29)14 (20.29)Total2893 (1.04)17 (5.88)269 (93.07)57 (19.72)55 (19.03)Control arm1731 (1.37)0 (0.00)72 (98.63)\--5890 (0.00)3 (3.37)86 (96.63)\--Total1621 (0.62)3 (1.85)158 (97.53)\--School mean75.160.67 (0.75)3.33 (4.48)71.16 (94.68)14.25 (19.91)13.75 (18.29)Total4514 (0.89)20 (4.43)427 (94.68)57 (19.72)55 (19.03)^a^ Percentage based on total N Year 8 girls in each intervention school^b^ One nominated student attended the briefing but left the school the following day

Data Collection {#Sec8}
---------------

Data were collected at baseline (Time 0: the beginning of Year 8, September-October 2015), immediately post-intervention (Time 1: the end of Year 8, May-June 2016) and follow up (Time 2: the beginning of Year 9, September-October 2016).

### Demographic information {#Sec9}

At baseline (Time 0) participants reported their date of birth and ethnicity. Socio-economic position was estimated by: (1) an index of multiple deprivation (IMD) using home postcode and the English Indices of Deprivation \[[@CR27]\] for each participant, (2) participant-reported receipt of free school meals and (3) the four-item family affluence scale \[[@CR32]\].

### Recruitment and retention to trial and intervention {#Sec10}

Recruitment of schools and Year 8 girls (opt-out consent rate) was recorded at Time 0 and retention was recorded at Time 1 and 2. Recruitment of peer-supporters (consent rate) and peer-supporter trainers was recorded by the field team as well as attendance of peer-supporters at the briefing meeting and each peer-supporter training day.

### Physical activity and sedentary time {#Sec11}

Participants wore a waist-worn ActiGraph accelerometer (Model wGT3X-BT; ActiGraph LLC, FL, USA) during waking hours which recorded data at 30Hz for seven days. Participants were instructed to remove the accelerometer while sleeping, showering/bathing and participating in water sports. Scores derived from ActiGraph accelerometers have been shown to provide reproducible and valid estimates of physical activity amongst adolescents \[[@CR33]\]. Periods of ≥ 60 minutes of zero counts were classified as non-wear and were removed. Accelerometer data provision was a primary outcome of the feasibility study, however for the purposes of assessing the secondary outcome of the potential effect of the intervention on girls' MVPA, participants who provided at least two weekdays of at least 500 minutes of data between 05:00 and 23.59 were included in this analysis. The Evenson cut-point (≥2296 counts per minute)\[[@CR34]\] was used to estimate mean daily minutes of MVPA on weekdays and weekend day(s) as this threshold is the most accurate for adolescents \[[@CR35]\]. Participants' weekday and weekend sedentary time was estimated using a cut point of ≤100 counts per minute \[[@CR34]\].

### Psychosocial Questionnaires {#Sec12}

Full details of the psychosocial questionnaires will be published in a separate process evaluation paper. For the purposes of reporting data provision rates in this paper, pupils completed a survey (assessing physical activity motivation, psychological need satisfaction, self-esteem, physical activity-based self-efficacy, social support & peer norms) using Samsung Galaxy Table [4](#Tab4){ref-type="table"} tablet devices.

### Economic analysis {#Sec13}

The economic analysis aimed to assess the feasibility of collecting the data required to cost the intervention and conduct a cost-effectiveness analysis in a future definitive trial. The affordability and potential cost-effectiveness of the intervention was also explored. A public-sector perspective was taken assuming that if scaled up the intervention would be funded by schools or local government. Data were collected using expense claim and data collection forms, completed by the research team, students and school contacts. Students' quality of life was assessed using the EQ-5D-Y \[[@CR36]\]. Responses were mapped to a utility score (scores derived from adults were used in the absence of child specific scores \[[@CR37]\]) at each time point and quality-adjusted life-years (QALYs) were estimated adjusting for baseline differences in utility scores \[[@CR38]\].

Data Analysis {#Sec14}
-------------

Descriptive summary statistics were calculated by trial arm at baseline. Continuous data were analysed using means and standard deviations or median and inter-quartile range, where the data were markedly skewed. School and student recruitment and retention were presented as a CONSORT flow chart for schools by trial arm. Recruitment, retention and data provision were also summarised descriptively.

Summary statistics for the (definitive trial) primary and secondary outcomes are presented, by intervention and control group according to the allocation of the student's school (i.e., an intention to treat (ITT) analysis). Mixed effects linear regression was used to estimate the adjusted differences in means between intervention and control groups. School-level variance in the outcome was accommodated by inclusion of school as a normal distribution random effect, and any remaining differences in the baseline assessment of the outcome measure, and local authority area (by which the randomisation was stratified), was accommodated by their inclusion as covariates. Each difference in means is presented with its 95% confidence interval. As this study was a feasibility study and not powered to detect differences between arms, p-values are not presented.

Two pre-specified sensitivity analyses were conducted assessing the impact of missing data. Firstly, where there were 5% or more missing MVPA measures, missing MVPA data were imputed for Time 1 and Time 2, in turn using Multiple Imputation by Chained Equations \[[@CR39]\]. Fifty imputed data sets were generated for MVPA at each time point, and the mixed effects linear regression analysis described above was applied to these data. The variables used in the imputation equations have been reported elsewhere \[[@CR40]\]. Secondly, MVPA measurements based on ≥ 1 valid day of accelerometer data (rather than ≥ 2 valid days) were used to estimate the adjusted difference between intervention and control groups in mean MVPA. The Trial Steering Committee also recommended an exploratory interaction analysis to examine whether any potential intervention effect was moderated by peer-supporter status. A binary covariate identifying peer-supporters and non-peer-supporters was added to the regression model for the analysis of MVPA, and p-value calculated for the test of the null hypothesis, of equal effect of the intervention on both groups.

The school-level intra-class correlation (ICC) coefficient for weekday MVPA was estimated in a variance component random effects analysis. As this gives an imprecise estimate in a study of this size, the data were compared with ICC estimates from other studies \[[@CR12], [@CR41], [@CR42]\]. Sample sizes for a future definitive trial were calculated for assumed true differences in mean weekday MVPA between intervention and control groups of 6, 8 and 10 minutes, and for 80% and 90% statistical power at the two-sided 5% significance level. Sample size estimates were multiplied by the design effect: \[1+(k-1)ICC\], k being the number of participants at each school (cluster size = 70 informed by this study) and ICC the intra-cluster correlation coefficient for weekday MVPA. Sample size estimates were inflated to account for 30% loss to follow up on the primary outcome. All analyses were conducted in Stata (Version 14.2).

Results {#Sec15}
=======

School and participant recruitment {#Sec16}
----------------------------------

School and participant recruitment and retention are shown in Fig. [1](#Fig1){ref-type="fig"} and Table [1](#Tab1){ref-type="table"}. Within the six schools, 451 Year 8 girls attended the recruitment briefing. Four (0.89%) returned opt-out forms and 20 girls (4.43%) did not take part (no formal opt out) resulting in a 94.68% participation rate (N = 427 girls, intervention n =269; control n =158). Peer nomination resulted in 57 girls being invited to be a peer-supporter, 55 (96.49%) consented and 54 attended the training. The number of peer-supporters per school ranged from 11 (16.67% Year 8 girls) to 17 (17.71% Year 8 girls) (Table [1](#Tab1){ref-type="table"}). Ten trainers with a range of experience in physical activity, youth work, or both, expressed an interest and five were recruited. All trainers were female (Mean age = 33.8, SD = 9.68, range = 21-45).

Data provision {#Sec17}
--------------

At each time point, accelerometer return rates exceeded 85% (Table [2](#Tab2){ref-type="table"}). At Time 1 accelerometer return was approximately 10% lower in the control versus intervention arm. Compliance with the wear protocol was not different between arms at baseline, and was 5% and 7% lower in control arm at Times 1 and 2 respectively. At Times 0, 1 and 2, the wear time criteria was met by 82.63%, 71.13% and 62.21% of participants respectively. The psychosocial questionnaire was completed by \>91% of participants at each time point and was similar between trial arms. The completion of the EQ-5D-Y exceeded 92% at each time point.Table 2Accelerometer and questionnaire data provision rates by trial arm at baseline, Time 1 and Time 2.Control, n (%)Intervention, n (%^a^)Total, n (% ^a^)Time 0 Accelerometer returned153 (96.84)258 (96.27)411 (96.48) Accelerometer valid^b^128 (81.01)224 (83.58)352 (82.63) Accelerometer invalid^c^25 (15.82)34 (12.69)59 (13.85) Accelerometer missing^d^5 (3.16)10 (3.73)15 (3.52) Psychosocial questionnaire157 (99.37)269 (100.00)426 (99.77)Time 1 Accelerometer returned135 (85.44)255 (95.15)390 (91.55) Accelerometer valid107 (67.72)196 (73.13)303 (71.13) Accelerometer invalid27 (17.09)54 (20.15)81 (19.01) Accelerometer missing24 (15.19)18 (6.71)42 (9.86) Psychosocial questionnaire144 (91.14)257 (95.54)401 (93.91)Time 2 Accelerometer returned140 (88.61)241 (89.93)381 (89.44) Accelerometer valid91 (57.59)174 (64.93)265 (62.21) Accelerometer invalid44 (27.85)66 (24.63)110 (25.82) Accelerometer missing23 (14.56)28 (10.45)51 (11.97) Psychosocial questionnaire144 (91.14)251 (93.31)395 (92.51)Time 0 and Time 1 Valid accelerometer data95 (60.13)177 (66.04)272 (63.85) Psychosocial questionnaire144 (91.14)257 (95.54)401 (93.91)Time 0 and Time 2 Valid accelerometer data81 (51.27)162 (60.45)243 (57.04) Psychosocial questionnaire144 (91.14)251 (93.31)395 (92.51)^a^ One participant excluded as they could not wear accelerometer: accelerometer results are presented as a % of 268 for Intervention total and 426 for overall total.^b^ Accelerometer worn, wear criteria met (≥ 2 valid weekdays, defined as ≥ 500 minutes of data between 05:00 and 23.59).^c^ Accelerometer worn, wear criteria not met.^d^ No data provided

Baseline data {#Sec18}
-------------

The trial arms were well balanced at baseline (Table [3](#Tab3){ref-type="table"}). IMD (i.e., deprivation) was slightly higher in the intervention versus control group although both medians were in the second quintile range (8.5 to 13.8) of least deprived households in England \[[@CR27]\]. Weekday and weekend minutes of MVPA were similar between arms. Participants in the intervention group recorded more minutes of sedentary time on weekdays and overall. Peer-supporters had higher family affluence and similar IMD to non-peer-supporters and a greater proportion of peer-supporters than non-peer-supporters were of white ethnicity (Additional file [3](#MOESM3){ref-type="media"}). Peer-supporters recorded approximately 12 minutes more MVPA on weekdays and weekends and less sedentary time (mainly due to weekday activity) than non-peer-supporters. Physical activity guidelines were met by 59% of peer-supporters versus 35% of non-peer-supporters. Peer-supporters also reported higher EQ-5D-Y scores.Table 3Baseline (Time 0) descriptive data by trial arm.ControlInterventionVariablenMean ± SD / Median (LQ, UQ) / %nMean ± SD / Median (LQ, UQ) / %Age15813.53 ± 0.2926913.50 ± 0.30IMD1349.99 (7.09, 16.50)24511.93 (6.69, 18.60)Family affluence1576.92 ± 1.702696.96 ±1.59Receiving free school meals (n, %)2214.013011.15Ethnicity -- White British (n, %)12579.6223286.25Ethnicity -- White other (n, %)95.7393.35Ethnicity -- Mixed (n, %)53.1972.60Ethnicity -- Other (n, %)1811.47217.81Weekday MVPA (min)12856.38 (45.44, 73.60)22552.50 (40.67, 68.90)Weekend MVPA (min)6938.58 (21.50, 62.00)15538.33 (23.83, 59.58)Overall MVPA (min)12854.51 (42.98, 71.42)22550.50 (40.33, 63.83)Weekday sedentary (min)128467.07 (418.03, 524.73)225505.63 (450.57, 551.00)Weekend sedentary (min)69428.25 (367.25, 520.17)154443.96 (393.17, 513.58)Overall sedentary (min)128387.25 (59.36, 487.71)225454.13 (75.70, 519.81)60 mins MVPA per weekday (n, %)5442.198738.6760 mins MVPA per weekend day (n, %)2028.993623.23EQ-5D-Y15379.09 ± 16.9126072.00 ± 18.74IMD = Index of Multiple Deprivation; MVPA = moderate-to-vigorous physical activity

Attendance at peer-supporter training {#Sec19}
-------------------------------------

Almost all (94%; (53/55)) peer-supporters attended all of the training (Table [4](#Tab4){ref-type="table"}). In the majority of cases, absences were due to illness. Attendance at training was not different in the school where training was delivered on the school site (School 4), compared to the off-site training for pupils in the other schools. There were no adverse events.Table 4Attendance at the peer-supporter trainingSchool ID\
(N Yr 8 girls)Attendance Day 1\
(N (%))Attendance Day 2\
(N (%))Attendance days 1 and 2\
(N (%))Attendance at top-up\
(N (%))Attendance at all 3 days\
(N (%))2 (55)13 (100.00)13 (100.00)13 (100.00)12 (92.31)^d^12 (92.31)3 (88)17 (100.00)17 (100.00)^b^17 (100.00)17 (100.00)17 (100.00)4 (64)10 (90.91)^a^11 (100.00)10 (90.91)11 (100.00)10 (90.91)6 (69)13 (92.86)^a^13 (92.86)^a^13 (92.86)13 (92.86)^c^13 (92.86)All %s are based on the N of consenting peer-supporters (Table [1](#Tab1){ref-type="table"}).^a^Participant illness.^b^Participant unwell in a.m., attended p.m.^c^One participant did not attend either of the first two days of training due to illness so 13 of 14 girls were invited to attend top-up training.^d^Parent did not want participant missing a day of school

Evidence of Promise {#Sec20}
-------------------

There was no evidence of a difference in weekday or weekend MVPA between intervention and control groups at Time 1 (Table [5](#Tab5){ref-type="table"}). There was some evidence that the intervention group were less sedentary on weekdays than the control group at Time 1 (-31.8 minutes, 95% CI = -57.44, -6.18). At Time 2, there was evidence that pupils in the intervention arm performed more weekday MVPA than controls (6.09 minutes, 95% CI = 1.43, 10.76) which reflected the intervention group maintaining their baseline level of MVPA while the MVPA of the control group participants decreased over time. Similar to Time 1, there was some evidence that the intervention group were less sedentary on weekdays at Time 2 (-23.26 minutes, 95% CI = -43.73, -2.79). The confidence intervals around the estimated differences in weekend sedentary behaviour were too wide to indicate a potential difference between groups. In both arms EQ-5D-Y scores decreased between Time 0 and Time 1 and increased between Time 1 and Time 2 (Additional file [4](#MOESM4){ref-type="media"}). Differences between groups for unadjusted EQ-5D-Y scores and estimated QALYs were small with confidence intervals including (or close to) zero. Sensitivity analysis based on the imputed data set and when the criterion for participant inclusion based on their accelerometer data was relaxed to ≥1 valid day were very similar to the complete case analysis in both point estimate and 95% confidence intervals (Additional file [5](#MOESM5){ref-type="media"}). There was some evidence that peer-supporters benefitted more from the intervention than non-peer supporters at Time 1, but no evidence of a difference between the groups at Time 2 (Additional file [6](#MOESM6){ref-type="media"}).Table 5Adjusted between-group differences in physical activity variables at Time 1 and Time 2ControlInterventionVariablenMean ± SDnMean ± SDIntervention vs. control adjusted difference in means (95% CI)^a^Time 0Mean weekday MVPA (mins)^b^12859.79 ± 21.5722555.07 ± 21.57-Mean weekend day MVPA (mins)6945.33 ± 31.3115445.11 ± 30.53-Mean weekday sedentary (mins)128471.84 ± 73.98225503.40 ± 79.74-Mean weekend sedentary (mins)69442.05 ± 121.07154451.11 ± 95.00-Time 1Mean weekday MVPA (mins)^b^9561.19 ± 22.1017760.72 ± 22.451.11 \[-4.31, 6.55\]Mean weekend day MVPA (mins)3745.07 ± 30.219141.80 ± 27.49-3.88 \[-13.57, 5.81\]Mean weekday sedentary (mins)95522.37 ± 87.74177509.87 ± 81.67-31.8 \[-57.44, -6.18\]Mean weekend sedentary (mins)37461.29 ± 112.1991534.73 ± 188.5667.43 \[-51.34, 186.20\]Time 2Mean weekday MVPA (mins)^b^8154.31 ±19.5616258.65 ± 22.216.09 \[1.43, 10.76\]Mean weekend day MVPA (mins)3537.95 ± 32.147446.57 ± 37.5211.45 \[-2.25, 25.15\]Mean weekday sedentary (mins)81511.65 ± 103.21162510.78 ± 85.29-23.26 \[-43.73, -2.79\]Mean weekend sedentary (mins)35473.06 ± 93.7474471.95 ± 97.20-5.25 \[-41.19, 30.69\]^a^ The control group is the reference group for between group comparisons. Models are adjusted for baseline outcome value, N valid days accelerometer data & local authority and school-level clustering.^b^ *A priori* primary outcome in a future definitive trial

Sample Size {#Sec21}
-----------

The intra-class correlation (ICC) on weekday minutes of MVPA (i.e., the primary outcome for a definitive trial) from the PLAN-A sample at each time point was; Time 0: \<0.00 (95% CI = 0.0, 0.09), Time 1: 0.02 (95% CI = 0.0, 0.06) and Time 2: \<0.0001 (95% CI = 0.0, 0.03). Based on these findings, and ICCs from other studies involving adolescent girls, sample size calculations for a definitive trial were based on an ICC of 0.01 (and were also modelled for scenarios where the ICC was 0.02 & 0.03). To detect a 10-minute between arms difference in weekday MVPA with 90% power, an alpha of 5%, and with a design effect of 1.7 (based on 70 students per school), 560 students are required (280 per arm) (Table [6](#Tab6){ref-type="table"}). This was inflated to 800 students in 12 schools to account for 30 per cent loss to follow-up. Using a smaller between-arms difference in MVPA of 6 minutes (i.e., the point estimate from this feasibility study) and keeping all other factors constant, 980 students would be required (490 per arm), inflated to 1400 students (700 per arm) in 20 schools to account for 30% loss to follow-up.Table 6Sample size calculation for a future definitive trialBetween-arms difference in weekday MVPA (mins)PowerN students (uninflated)N students (inflated)N Schools10905608001210804206001089070010001688056080012**690980140020**680840120018The following parameters were used: cluster size = 70, ICC on weekday MVPA = 0.01 MVPA standard deviation = 20 minutes, correlation between baseline and follow-up MVPA = 0.4, 5 per cent two-sided alpha and inflation to account for 30% of participants not providing primary outcome data.Values in boldface represent the sample size values proposed for the primary outcome in a future definitive trial

Costs {#Sec22}
-----

The average cost per school of delivering the two-day and top-up day peer-supporter training were £1490 and £794 respectively, and the total cost of delivering the intervention in each school ranged from £2309 to £3235 (average £2685 per school and £37 per Year 8 girl) (Table [7](#Tab7){ref-type="table"}). Trainer time and travel costs, whether the students and school contact incurred travel costs and whether the training was delivered in or outside of school were key cost drivers. Peer-supporters who attended the student briefing, peer nomination, peer-supporter meeting and all three days of training spent on average 16 hours and 34 minutes taking part in PLAN-A.Table 7Costs of intervention deliveryItemAll schoolsTotal cost (£)Average cost per school (£)Average cost per Year 8 girl (£)Pre-intervention preparation490.55122.641.70Student briefing223.7155.930.77Peer nomination444.35111.091.54PS meeting383.2095.801.33Two-day PS training Trainer fees and travel2940.22735.0610.17 Student and school contact travel440.00110.001.52 Venue hire ^a^566.80141.70 (188.93)1.96 Refreshments904.40226.103.13 Resources and equipment1109.51277.383.84**Two-day PS training total5960.931490.2320.63**Top-up PS training Trainer fees and travel1427.26356.824.94 Student and school contact travel245.0061.250.85 Venue hire ^a^332.4083.10 (110.80)1.15 Refreshments539.14134.791.87 Resources and equipment630.97157.742.18**Top-up PS training total3174.77793.6910.99**Post-intervention materials63.8415.960.22**Total intervention cost10741.352685.3437.17**^a^ Peer supporter training for one school was held on the school site and incurred no venue hire cost. Average venue hire cost was (£188.93 & 110.80 for the two-day and top up days training respectively) across the three schools

Discussion {#Sec23}
==========

This study showed that the PLAN-A intervention can be delivered and that it is feasible to conduct the research required to evaluate its effectiveness and cost-effectiveness in a definitive trial. The study was acceptable to schools and students with approximately 95% of eligible students in the six study schools participating at baseline and 93% of these were retained at the final follow up. This level of involvement is important for the potential effectiveness of the intervention and evaluation of its effect given that PLAN-A operates at the whole school year level.

At baseline approximately 60% of girls did not meet the recommendations of 60 minutes of MVPA per day and average MVPA levels were approximately 50 and 40 minutes per week day and weekend day respectively. These findings are similar to a recent UK accelerometer study which showed that 68% of adolescent girls performed less than 60 minutes MVPA per day \[[@CR43]\] and support the present and future research efforts to increase girls' physical activity.

Recruitment of peer-supporters was successful as 97% of those nominated and invited consented to the role and 94% attended all the peer-supporter training, suggesting that the peer-supporter concept was acceptable to adolescent girls. Peer-supporters were more physically active on average than non-peer-supporters at baseline showing that more active girls had been nominated to be peer-supporters. However, 40% of peer-supporters did not meet the recommended 60 minutes of MVPA per day. Peer-supporter training was delivered as planned at a non-school venue for three of the four intervention schools and in one school was delivered on the school site as financial/staffing constraints prevented the school from releasing a member of staff to chaperone the peer-supporters off site. The purpose of off-site delivery is to avoid in-school distractions (e.g., other pupils, prior commitments for example at lunch time, space constraints), to allow peer-supporters to work together and focus on a shared goal with their (non-school teacher) trainers, and to inspire peer-supporters with a special or "grown up" experience. As such, it would be ideal to deliver peer-supporter training off the school site. In future implementations of PLAN-A it would therefore be helpful to develop a persuasive pitch to school head teachers explaining the relatively low burden placed on school staff by PLAN-A, compared to other interventions \[[@CR12], [@CR21], [@CR44], [@CR45]\] to garner their support for off-site peer-supporter training. The intervention delivery, receipt and fidelity (including analysis of the school-based peer-supporter training) will be reported in full in a separate process evaluation paper.

We showed that the research required to evaluate the effectiveness and cost-effectiveness of the intervention in a larger trial is feasible. Questionnaire data provision was very high (\>90%) at all time points. Accelerometer return rates exceeded \>85% at each time point, however compliance with the wear time criteria decreased to 62% at Time 2 and was 5-7% lower in the control versus intervention group. Despite this, the level of completely missing accelerometer data (i.e., not wearing the monitor at all on a given day) was low. This suggests that whilst participants were willing to wear the accelerometers, strategies are needed to ensure that they are worn for long enough on measurement days, especially amongst control group participants, in a future definitive trial. Such strategies could include incentivising sufficient wear time rather than, or in addition to, monitor return \[[@CR46], [@CR47]\], amending the study design to reduce participant fatigue (i.e., accelerometery at baseline and beginning of Year 9 in the first instance), or using alternative accelerometers (e.g., wrist worn units) which may be less obtrusive and more comfortable. Even using these strategies, some missing accelerometer data is inevitable, and we also showed that imputation of missing accelerometer data was feasible and had no discernible impact on the estimates of intervention effectiveness.

The study showed that the PLAN-A intervention has the potential to positively affect adolescent girls' MVPA (≈ +6 minutes per weekday) and reduce their sedentary time (≈ -23 minutes per weekday) compared to controls 4-5 months post-intervention. The estimates in this study suggest that the between-arm difference represents a stemming of the decline in MVPA that was seen in the control group. Previous school-based physical activity interventions for adolescent girls show very small effects \[[@CR10]\] and some multicomponent school-based interventions were more effective for boys than girls \[[@CR12]\]. The findings of the present study suggest that PLAN-A has the potential to have a larger effect than previous interventions and provides initial support for the alternative peer-led physical activity intervention model used in PLAN-A.

The evidence presented above suggests that the conduct of a larger definitive trial to determine the effectiveness and cost-effectiveness of the PLAN-A intervention is warranted. Sample size calculations suggested that this study should include 20 schools (ten intervention & ten control) and 1400 Year 8 girls to have sufficient statistical power to detect a 10-minute between-arms difference in MVPA. The details of minor amendments to the intervention content that were identified in the process evaluation will be described in a separate paper. In comparison to other studies PLAN-A has the potential to be good value. PLAN-A cost £37 per Year 8 girl and £6 per additional minute of weekday MVPA (based on the between-arms comparison at Time 2) which compares favourably, for example, to the multicomponent Physical Activity 4 Everyone trial \[[@CR48]\] which had an intervention cost over 24 months of £240 per student and a difference in mean daily MVPA of 7.0 minutes (95% CI: 2.7 to 11.4) which equated to £34 (95% CI: £21 to £90) per additional minute of MVPA.

Strengths and Limitations {#Sec24}
-------------------------

A main strength of this study was its methodology. The PLAN-A intervention was carefully adapted from an effective adolescent smoking cessation intervention model through formative work with key stakeholders \[[@CR40]\]. As such, the intervention used a novel means of peer-support for physical activity. The study was aligned with guidance on the development of complex interventions \[[@CR49]\] and provided important testing of procedures, estimates of recruitment, indicators of intervention feasibility and promise to change behaviour and determination of the sample size required for a future effectiveness trial. Further strengths are that the study conduct adhered to the previously published study protocol \[[@CR25]\], the use of an independent study oversight group, the use of accelerometers to measure physical activity, and the grounding of the intervention on complementary theories of peer-influence and motivation. A limitation of the study is the involvement of only two control schools which provides little information on recruiting and retaining schools in the control arm. Further, there was limited ethnic diversity of participants across all schools and additional research is needed to explore feasibility in schools with a more ethnically diverse pupil population. Finally, the relatively high level of missing accelerometer data at the second follow-up would need to be improved in a future trial.

Conclusions {#Sec25}
===========

It is feasible to implement a secondary school-based peer-led physical activity intervention for adolescent girls based on trained influential students providing informal support to their year group peers. It is also feasible to study this intervention using a robust cluster-randomised trial design. The intervention shows promise to stem the age-related decline in adolescent girls' physical activity, and overall the evidence presented suggest that a definitive trial is warranted to investigate the effectiveness and cost-effectiveness of the intervention.
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